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@ Vinyl acetate copolymer emulsions for paint having wet adhesion properties.

@ This invention relates to latex compositions for use as a
paint vehicle particularly for the manufacture of interior
semi-gloss and flat exterior paint compositions. The latex
composition comprises from about 40-70% by weight of resin
particles, the resin particles having at least 25% vinyl acetate
polymerized therein, and from about 0.5-10% of a
copolymerizable allylic amine having at least one allylic group
attached directly to an amino nitrogen and at least one hyd-
rogen atom attached directly to an amino nitrogen atom. in a
preferred instance, the resin particles comprise vinyl acetate,
a lower alkyl acrylate or ethylene, optionally vinyl chloride
and the allylic amine.
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VINYL ACETATE COPOLYMER EMULSIONS FOR PAINT
HAVING WET ADHESION PROPERTIES

TECHNICAL FIELD

This invention relates to paint compositions
containing a unique emulsion or vehicle as they are
sometimes called, particularly suited for semi-gloss
and flat interior paint compositions. Latex paint
compositions have captured a significant portion of the

- indoor and outdoor paint market because they have many

advantages to solvent based paint products. Three
significant advantages are: the paints offer an easy
mechanism for cleanup, there is substantially no air
pollution, and there is a reduced possibility of fire - .
hazard. On the other hand, the coating properties and
storage stability of the latex paints have been somewhat
inferior to those of the solvent type, particularly in
obtaining desired film thickness and obtaining good
aghesion. Two types of emulsions commonly used in
formulating latex paints include the all acrylic system,
e.g. the systems using copolymerized methyl methacrylate,
butyl acrylate, 2-ethylhexyl acrylate with small propor-
tions of acrylic acid, etc. as may be desired, and

vinyl acetate formulations usually in combination with

a small proportion of dibutyl maleate or a lower alkyl
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acrylate, e.g. 2-ethylhexyl acrylate, methyl meth-
acrylate, or butyl acrylate. Heretofore, the all
acrylic systems have been used in premium quality
paints as the emulsions have provided for good water
resistance, desired leveling, film hardness, durabil-
ity, scrubbability, etc. The vinyl acetate-acrylic
copolymer systems have been utilized in formulating
interior flat and semi-gloss paints and exterior house
paints, and the vinyl acetate-butyl acrylate latices
result in paint films with excellent toughness, scrub
resistance and durability, while the vinyl acetate-
dibutyl maleate emulsions have good abrasion resistance
and flexibility as well as durability.

Wet adhesion, i.e. the quality of adhering to
the previously, aged surface under wet or moist condi-
tions, has been imparted to both the acrylic systems
and vinyl acetate systems by polymerizing a wet adhesion
monomer into the copolymer. Typically, these wet
adhesion monomers have terminal olefinic unsaturation
at one end and a terminal ureido or urea functionality
at the other end of the monomer.

BACKGROUND OF THE PRIOR ART

Allylamine, diallylamine and substituted
derivatives thereof have been utilized to produce
various polymer systems. Examples of these polymer
systems are shown in U.S. which discloses the solution
polymerization of vinyl acetate and a tertiary amino

‘'nitrogen compound, e.g. N,N-dimethyl allylamine.

Optionally, various monomers could be utilized in the
mixture, and these include esters such as vinyl propio-
nate, vinyl butyrate, and the like.

BRIEF SUMMARY OF THE INVENTION

This invention relates to latex compositions
particularly suited for the manufacture of paints, e.g.
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semi~gloss and interior paint compositions. The emul-
sion contains water and from about 40-70% by weight of
polymerized resin particles, the resin particles being
formed by the polymerization of vinyl acetate, a copoly-
merizable monomer and a copolymerizable allylic amine
having at least one allyl group attached directly to

the nitrogen atom and at least one hydrogen atom attached
directly to the amino nitrogen atom.

In the polymerized resin particles, the vinyl
acetate content is at least 259% and preferred latex
compositions contain the following proportion of vinyl
acetate and ethylene or lower alkyl acrylate and, in
another sense, a tetrapolymer having a proportion of a
25-26% vinyl chloride, 30-65% vinyl acetate, 10-15Y%
ethylene and 0.2 to 2.5% of the allylic amine.

There are several advantages associated with
the latex composition for use in paints, and these
include:

an ability to form a latex composition particu-
larly adapted for forming semi-gloss and interior
paints with the resulting paint composition having wet
adhesion characteristics;

an ability to form a latex composition which
has functional sites for cross-linking with various
materials to provide unique coating characteristics and
yet retain wet adhesion properties; and

an ability to utilize commercially available
monomer systems which are economical to produce e.g.
low cost vinyl acetate latex compositions for paint
use.

DETAILED DESCRIPTION OF THE INVENTION

The latexes or emulsions suited for forming
paint compositions can be referred to as vinyl acetate
latices. These latices contain polymerized resin
particles which will contain at least 25)%, and generally
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from about 80-95% vinyl acetate, 15-20% of a comonomer,
e.g. a lower alkyl acrylate or olefin and 0.5-10% by
weight of the copolymerizable allylic amine as the wet
adhesion monomer. The particular emulsion system best
suited for interior semi-gloss applications is a vinyl
acetate-butyl acrylate or vinyl acetate-ethylene copolymer
with the wet adhesion allylicamine monomer interpolymerized
therein. In that instance, the vinyl acetate content
generally is from about 80-959% by weight, and preferably
85-95% by weight, the butylacrylate or ethylene content
from about 4.5-18.5% and the wet adhesion allylic amine
monomer at about 0.5-10% by weight.

Other copolymerizable monomers suited for
polymerization with the vinyl acetate include lower
alkyl acrylates, e.g. a Cl—C6 ester of acrylic or
methacrylic acid which includes methylmethacrylate,
ethylacrylate, butylacrylate, 2-ethylhexyl acrylate;
olefins, e.g. ethylene; alkyl esters of alpha-beta
unsaturated dicarboxylic acids, e.g. dibutyl maleate,
dibutyl fumarate; vinyl chloride, vinyl esters, e.g.
vinyl butyrate, vinyl propionate; and unsaturated
carboxylic acid amides, e.g. acrylamide and meth-
acrylamide. But, of course, the butyl acrylate,

- ethylene monomers are the preferred ones performing the

emulsions for use in the paint applications.

A tetrapolymer containing substantial
guantities of vinyl acetate can also be used in forming
a latex composition, and in this instance, a composi-
tion containing from 25-65% vinyl chloride, 30-65%
vinyl acetate, 10-15% ethylene and 0.5-10% weight of
the allylic amine wet adhesion monomer is satisfactory.
The presence of vinyl chloride in the polymerized resin
particle greatly enhances the toughness and flexibility
of the film and also provides economic factors.

wet adhesion in the latex, which is required
in most paint applications, is obtained by the inter-
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polymerization of an amine having allylic functionality
directly attached to the amino nitrogen atom and at
least one hydrogen atom attached directly to the amino

nitrogen atom. Typically this amine is represented by
the formulas:

CR4R

1Ro CR

3 CRlR2 - NRlH

and
(CRyR, = CR; - CR;R,),NH

wherein

Ry and R, are lower alkyl groups having from
1-6 carbon atoms in the structure, phenyl groups, and
hydrogen; )

Ry is a lower group having from 1-6 carbon
atoms, a phenyl group, and hydrogen.

Examples of allylamines within the formulas
include allylamine, diallylamine, N-methyl allylamine,
N,ethyl allylamine, N-benzyl allylamine and the like.
From this list it is readily noted that the amines are
primary and secondary allylic amines as the tertiary
amines, even though polymerizable with vinyl acetate
and other copolymerizable systems, do not provide the
desired wet adhesion characteristics in the resulting
emulsion. In view of this lack of wet adhesion, the
latexes are inferior for use in paints, at least to the
extent of not providiné wet adhesion. Unsubstituted
allylic amines, e.g. generally allyl and diallylamine
are preferred as copolymerizability, generally diminishes
as the degree of substitution increases.

The copolymerizable allylic amines represented
above are included in the polymerized resin particles
in a proportion of from about 0.5-10% by weight. 1In
most cases, the percent allylic amine is from about
0.75-3% by weight. One of the advantages of the allylic
amines, and the reason for their use in higher propor-
tions than conventional wet adhesion monomers, is that
a fraction of the amines can be cross-linked or reacted
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with various amine reactive compounds to provide unigue

properties in the polymer without significantly affecting

the wet adhesion characteristics. For example, where a

polymerized resin particle contains levels of approximately

10% by weight of the allylic amine, 50-75% of the
allylic amine can be reacted with various amine reactive
compounds leaving a fraction of the amine for purposes
of conferring wet adhesion to the paint made from the
emulsion. When the proportion of allylic amine is less
than 0.5%, there generally is insufficient functional
monomer to provide the desired wet adhesion charac-
teristics required in the paint composition.

The polymerization of the allylic amine
proceeds by conventional free radical polymerization
with the exception that the allylic amines should be
converted to the salt form when polymerizing in an
aqueous system. It is extremely difficult to polymer-
ize the allylic amines in their salt-free state. The
amine salts can be formed by simply adding a mineral
acid to the aqueous medium, the acid being added in
sufficient quantity to reduce the pH to a level of
about 2-4. Examples of mineral acids which can be
added include hydrochloric acid, nitric acid, sulfuric
acid, and various organic acids. Of these, hydrochloric
acid is preferred. Other conventional techniques for
polymerizing allylic amines with other comonomers in
aqueous systems can be utilized.

The latex can be stabilized by the use of
protective colloids, e.g. a partially hydrolized poly-
vinyl alcohol such as one containing a hydrolysis value
of 80-93%, hydroxyethyl cellulose, and others commonly
used in the art. These protective colloids can be used
in conventional amounts, e.g. 0.05-2% by weight of the
monomers, preferably about 0.8-1.5% by weight of the
monomers .

0024688
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Surfactants can also be used in preparing the
latex compositions, and their use is known in emulsion
polymerization. Typically, the surfactants are included
in a proportion of 0.5-5% by weight of the latex.
Nonionic emulsifying agents are preferred and these
include polyoxyethylene condensates, e.g. polyoxyethylene
aliphatic ethers and polyoxyethylene aralkyl ethers.
Preferred nonionic emulsifying agents are sold under
the trademark "PLURONIC!" and have the formula:

HO(C,H,0(a))C4H,0(b)C,H,0(c)H

where a, b, and c¢ are integers of 1 (or above) and
include polyoxyethylene-polyoxypropylene glycols, in
which the polyoxypropylene chain has a molecular weight
of 1500-1800, and the polyoxyethylene content is from
about 40-90% of the total weight of the molecule.
Examples of preferred surfactants are PLURONIC
F-68 and PLURONIC L-64, both being a polyoxyethylene-
polyoxypropylene glycol, but with F-68 having a polyoxy-

ethylene content of 80-90% and L-64 having a polyoxyethylene

content of 40-50% by weight of the molecule.

Another class of nonionic surfactants are
sold under the trademark "IGEPAL" and are generally
polyoxyethylene air-alkyl ether such as polyoxyethylene
nonyl phenyl ether. Two preferred surfactants include
IGEPAL CO-630, which has a cloud point between 126-133°F
and IGEPAL C0-887, which has a cloud point above 221°F.
Both are polyoxyethylene nonyl phenyl ethers.

The polymerization of the monomer system is a
free radical polymerization, and the polymerization is
initiated by use of a redox system. The redox system,
as known, comprises an oxidizing agent and a reducing
agent. The oxidizing and reducing components can be
any of those conventionally used in vinyl acetate
emulsion polymerization. Examples of preferred oxidizing
components are hydrogen peroxide, potassium persulfate,
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t-butyl peroxypivalate, etc., and preferred reducing
agents are ferrous ammonium sulfate and sodium or zinc
formaldehyde sulfoxylate.

The following examples are provided to illus-
trate preferred embodiments of the invention are not
intended to restrict the scope thereof.

EXAMPLE 1

The preparation of a vinyl acetate-n butyl-
acrylate-N,N-diallylamine copolymer latex composition
was conducted by carrying out the polymerization in a
two liter resin kettle equipped with a stainless steel
stirrer, thermometer, condenser and monomer and water
inlets. An initial charge of water, protective colloid
surfactant and free radical initiator was charged to
the vessel, the recipe being as follows:

Ingredient Grams
Deionized water 172
Natrosol - 250 LR (2.0 Hydroxy 360

ethyl cellulose solution)

Igepal CO-887 15.6
Igepal CO-630 3.66
Pluronic F-68 2.74
Pluronic L-64 0.91
Sodium Persulfate 3
Ferrous Sulfate 0.1
Sodium Benzoate 2

The contents in the kettle were heated to
60%C while under constant agitation speed of 120 RPM
and under a nitrogen purge. Two separate monomer feed
systems were added to the kettle over a period of 2.5
hours. The recipes were as follows:

Feed 1 Grams
Vinyl Acetate 810
Butylacrylate 90

Pluronic F-68 8.23
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Pluronic L-64 2.74
t-butyl hydroperoxide (70%) 5
Feed 2 Grams
Deionized Water 60
Diallylamine 45

The aqueous phase (Feed 2) was prepared by chilling the
water-diallylamine mixture and forming the diallylamine HCL

salt by adjusting the pH of the aqueous phase to 2.5 with a

50/50 HCL-water solution.

A 5% activator solution consisting of 90 grams water and

10 grams sodium formaldehyde sulfoxylate was added to the
kettle along with the monomer and aqueous additions at a
rate to maintain the free vinyl acetate content at 4-5%
with a polymerization temperature between 60-65° C. When
both monomer and aqueous recipes were completely added, the
free vinyl acetate in the resulting latex was reduced to
below 0.5% by weight by adding a catalyst solution containing
1.5 grams of t-butylhydroperoxide dissolved in 15 grams of
deionized water and an excess of the 5% activator solution.
At the end of the polymerisation the pH of the latex was
2.1 and lower from the initial pH of 5.5. After polymeriza-
tion the pH was increased to 5.5 by addition of 10% sodium

hydroxide. The polymerized resin paticles were calculated

—lo_
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to have 85.7% vinyl acetate, 9.52% butylacrylate, and
4.76% N,N-diallylamine concentration. The solids content
was 56% and the particle size was of uniform monodisperse

size.
EXAMPLE 2

The procedure of Example 1 was repeated producing several
vinyl acetate, butylacrylate, diallylamine and vinyl
acetate-butylacrylate-allylamine resin systems. The pro-
portion of diallylamine and allylamine was varied as in-

dicated in Table 1. The results are as follows:

Z

- 11 -
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TABLE 1
POLYMERIZATIONS WITH ALLYL AND DIALLYLAMINES

Other Monomers

Vinyl Butyl
Run Amine % Amine Acetate Acrylate
1 Diallyl 3.0 88.5 8.5
2 " 4.0 88 8
3 v 5.0 .87.5 7.5
4 " 1.0 89.5 9.5
5 " 0.75 89.7 9.6
6 " 0.5 89.8 9.7
7 Allyl 0.75 89.7 9.6
8 " 1.0 89.5 9.5
9 " 2.0 89 9
10 " 3.0 88.5 8.5
11 " 4.0 88 8
12 " 5.0 87.5 7.5
Polym. Polym.
Temp. Temp.
Catalyst °C Hrs. % Solids
NaZSZO8 60-62 2-2-1/2 49
" " " 57.4
: v u 56.0
" " " Viscous
1 1] 11 54.6
1" 1 H 54.

8
" " u 53.0
" " u 53.8
" " " 55.0
8
4
0
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EXAMPLE 3
SEMI-GLOSS PAINT SCREENING FORMULA

A standard paint formulation for semi-gloss
application containing pigment and thickener was used
to compare various emulsions prepared in Example 1, as
well as commercial vinyl acetate-lower alkyl acrylate-wet
adhesion monomer systems. The formulation was as
follows:

COMPOUND GRAMS
Propylene glycol 65
Tamol 731 (dispersant) 14

" Foamaster 44 (defoamer) 2
AMP 95 (aminomethyl propanol 1
Ti -Pure R-900-titanium dioxide 275

(pigment)

Water, 60

Aerosol OT, (75% sodium dioctyl 2
succinate)

Carbitol acetate ' 15

Natrosol 250 MR, 3% hydroxy 75
ethyl Cellulose

Merbac 35 (Pigment) 1

Water* and/or Natrosol 30
solution :

Test or Control Emulsion @ 55% 460
solids )

*Water and Natrosol varied to maintain viscosity in
commercially usable range, generally 8212Ku (Krebs Units)

The paint compositions were then tested for
floating board test, cut film wet adhesion test. A
brief description of each individual test is as follows:
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FLOATING BOARD TEST

A 6 inch by 6 inch piece of clear white pine
was first coated with an alkyd enamel paint and then
with an alkyd gloss enamel and allowed to dry for a
minimum of 3 days. The test paints were applied to the
alkyd coated pine board in liberal quantity and allowed
to dry for 3 days at 75%? and 58% relative humidity.
Using a sharp knife or scribe, a series of parallel
cuts approximately 1/10 inch apart were made and formed
into a 100 square pattern. A strip of masking tape was
applied to the cut section and rubbed with the thumb to
insure contact. The tape then was pulled sharply at a
90° angle, and the percent paint removed from the alkyl
substrate noted. A second series of cuts were made in
the top paint film and the board placed face down in
tap water. After one hour, the board was removed from
water, wiped dry and tape applied to the cross hatched
area and pulled. The percent remaining was recorded.

A low percent removal of paint indicates good wet
adhesion and a high removal indicates poor wet adhe-

-sion.

CUT FILM WET ADHESION TEST

A Leneta metal scrub panel was coated with an
alkyd enamel using a 7 mil side of a Dow Film Caster
and allowed to dry a minimum of three days and maximum
of nine days at 75°F at 50% relative humidity. Test
paints were applied to the panel using a drawdown bar
suitable to give a 2 mil dry film thickness. The paint
was allowed to dry 72 hours at 75°F, 509% relative
humidity. A cut was made completely through the surface
and down the center of the drawdown of the test paint
with the razor blade held at a 45° angle. The panel
was placed on a Gardner Washability Machine and scrubbed

under water with a standard hog bristle brush, presoaked
in water.
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The results are shown in Table 2.

TABLE 2
Floating Board Cut Film
Run Dry wWet First Cut Recut
5 Control A 0 8 Passed Passed
4 0 0 114 1l
5 0 12 1 11
6 0 5 1! 1®
7 o 1® 11
10 8 0 " "

Control A is a commercially available vinyl
acetate-butyl acrylate system having 0.75Y% by weight of
a wet adhesion monomer. This control is sold under the
trademark WAVE 345 by Air Products and Chemicals, Inc.

15 The Run number corresponds to the Run from Table 1.

The results in Table 2 show that both allyl
~and diallylamine impart wet adhesion to a paint system.
The results are similar to those obtained with the
commercial emulsion system.
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what is Claimed is:

1. In a paint composition comprising latex
comprising water and from about 40-70% by weight of
polymerized resin particles therein, and the resin

.particles containing at least 25% vinyl acetate by

weight with a minor proportion of a monomer contribut-
ing wet adhesion, pigment and thickener; the improve-
ment which comprises:

incorporating into the resin particles from
0.5-10% by weight of an allylic amine as the wet adhesion
monomer, having at least one allylic group attached to
the amino nitrogen and at least one hydrogen atom
attached directly to the amino nitrogen atom into the
resin particles.

2. The paint composition of Claim 1 wherein said
polymerized resin particles contain from about 5-20% of
a monomer selected from the group consisting of ethylene
and an alkyl acrylate selected from the group consisting
of butyl, methyl and 2-ethylhexyl acrylate.

3. The paint composition of Claim 2 wherein the
allylic amine is represented by the formulas:

CRlR2 = CR3 - CRleNRlH and

(CRlR2 = CR3 - CRlRZ)ZNH

wherein Rl' R2 and Ry are lower alkyl groups having
from 1-6 carbon atoms, phenyl groups, and hydrogen.

4. The paint composition of Claim 3 wherein R

2
is hydrogen.

5. The paint composition of Claim 4 wherein Ry
is hydrogen.
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6. The paint composition of Claim 5 wherein R,
is hydrogen.

7. The paint composition of Claim 6 where the
resin particles have from about 1-5% of said allylic
amine.

8. The paint composition of Claim 7 wherein said
acrylate monomer is butyl acrylate and said resin
particle contains from 80-95% vinyl acetafe, 5-18.5%
butyl acrylate and from about 0.5-107% by weight of the
wet adhesion monomer.

9. The paint composition of Claim 7 wherein the
resin particle contains from 25-65% vinyl chloride,
30-65% vinyl acetate, 10-15% ethylene and 0.5% of the
allylic amine.
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